Knowledge Gained from Video-Monitoring Grassland Passerine Nests
Abstract. In the mid-1990s, researchers began to adapt miniature cameras to video-record activities :rt cryptic passerine nests in grasslands. In the subsequent decade, use of these video surveillance systems spread dramatically, leading to major strides in our knowledge of nest predation and nesting ecology of many species. Studies using video nest surveillance have helped overturn or substantiate many long-standing assumptions and provided insights on a wide range of topics. For example, researchers using video data have (1) identified an extensive and highly dynamic predator community in grasslands that varies both temporally (e.g., by time of day, nest age, season, year) and spatially (e.g., by habitat, edge, latitude); (2) shown that sign at nests is unreliable for assigning predator types and sometimes nest fates; (3) contributed to the n the 1990s, the plight of grassland birds received increased attention (Johnson and Schwartz 1993 , Knopf 1994 , Johnson and IgI 1995 , as researchers began to recognize that grassland species were showing "steeper, more consistent, and more geographically wide-spread declines than any other behavioral or ecological guild" of North AmerIcan birds (Knopf 1994; 251) . Many grassland paserine populations had been declining for decades understanding of the risks and rewards of nest defense; and (4) provided information on basic breeding biology (e.g., fledging ages, patterns of incubation and brooding, and male/female roles in parental care). Using examples from grasslands, we highlight accumulated knowledge about activities at the nest documented with video surveillance; we also discuss the implications of this knowledge for our understanding of avian ecology. Like all tools, video nest surveillance has potential limitations, and users must take precautions to minimize possible sources of bias in data collection and interpretation.
Key Words: avian behavior, breeding ecology, camera, grassland, nest monitor, nest predators, passerine, video surveillance. (Peterjohn and Sauer 1993 , Herkert 1995 , IgI and Johnson 1997 , and it was thought that high rates of nest predation could be contributing to these declines (Basore et al. 1986 , Martin 1993 . At that time, there were few data on the identity of nest predators of grassland passerines. Predator sign at grassland duck nests had been studied intensively (Sargeant et al. 1993 (Sargeant et al. , 1998 ; however, at passerine nests, assignment of nest fates and identity of predators were usually based on assumptions (Best 1978 , Wray et al. 1982 , Vickery et al. 1992 . Often, when a passerine nest was revisited, only an empty bowl remained, with few or no clues as to what had happened (Hussell 1974, Major and Gowing 1994) .
Determining fates of grassland bird nests by direct observation generally is not feasible . Nests of many species of grassland birds are well hidden in vegetation, making it difficult or impossible to view nest contents from a distance, and are in open terrain, making unobtrusive observation a challenge. Predator communities often include both nocturnal and diurnal nest predators, which would require 24-hr surveillance. Identifying fates and predators of active grassland passerine nests could not be adequately addressed using artificial nests, still cameras, or conspicuous equipment (Pietz and Granfors 2000a) . The need for a new tool was evident.
In 1996, Pietz and Granfors (2000a) began testing a video surveillance system (herea fter camera system) specifically designed to monitor grassland passerine nests. This first system used a blackand-white camera, about 4 X 4 cm on each side, with infrared (940-950 nm) light-emitting diodes (LEDs) to cryptically illuminate the nest area at night ( Fig. 1.1a) . Cameras had to be close to the nests (typically < 30 cm) to record activity at the nests and the fate of nest contents without vegetation obstructing the view ( Fig. 1.1b) . Cameras, in waterproof housings, were made as small as possible to minimize disturbance to the nesting birds and to avoid attracting other animals. The camera angle and placement were adjusted at the nest with the aid of a handheld video monitor ( Fig. l.1c) . The camera was connected by cable to a time-lapse videocassette recorder (VCR) and battery ( Fig. l.1d ) about 40-50 m away. VCRs were set to record continuously and capture about 4 images/sec because early trials showed that some predation events took only a fraction of a second. At this recording speed, videotapes had to be changed ( Fig. 1 .le) daily. The person changing the tape connected a handheld video monitor to the VCR (Fig. l.1d ) to determine (with reasonable certainty) if the nest was still active, thus eliminating the need to physically revisit the nest. The camera was left in place until the nest failed or succeeded (i.e., fledged young). Camera systems were deployed as far apart as possible within and among study sites to reduce the chance that individual predators with large home ranges [e.g., fox (Vulpes spp.), coyote (Canis latrans)] would encounter more than one nest with a camera.
From the mid-1990s through the early 2000s, these or similar camera systems were used in a variety of grassland bird studies (Winter et al. 2000 , Renfrew and Ribic 2003 , Klug 2005 , Grant et al. 2006 . The purpose of this paper is to use this body of work and the papers in this volume to provide an overview of the contributions these camera systems have made to the understanding of grassland bird ecology. We include updated test results for some of the questions explored with smaller data sets by Pietz and Granfors (2000a) . With these sources of information, we address the following topics: fates of nests, eggs, and nestlings; predator identification and predator ecology; standard methods of data collection and analyses; predator behavior and predator-prey interactions; and parental and nestling behaviors. We close with caveats related to the use of cameras at nests and the interpretation of data collected with camera systems.
FATES OF NESTS AND NEST CONTENTS
Studies using video nest surveillance (hereafter camera studies) confirmed that predation was the leading cause of nest failure for grassland passerines (Pietz and Granfors 2000a , Klug 2005 , Renfrew et al. 2005 . In addition, video data revealed that some successful nests (i.e., at least one young fledged) lost part of their contents to predators (i.e., partial predation) (Pietz and Granfors 2005) . Results from studies in North Dakota and Minnesota showed that predation not only accounted for most nest losses (Table 1 .1) but also was the leading cause of mortality among nestlings (Table 1. 2).
Camera studies revealed that partial predation sometimes led to nest abandonment by the parents [e.g., in Northern Bobwhite (Colinusvirginianus); Ellis-Felege et aI., chapter 13, this volume]. Abandonment also occurred at some passerine nests subjected to cowbird parasitism and removal of host eggs (Hill and Sealy 1994, Romig and Crawford 1995) . Video data allow researchers to link proximate events (e.g., egg removal) with nest fates; however, classifYing such nests may then become ambiguous using current terminology. For instance, in the examples above, should the cause of nest failure be considered predation or parental abandonment?
Parental abandonment also may be caused by deployment of cameras near nests, particularly during the egg stage (Pietz and Granfors 2000a) . Nest abandonment that occurred <1 day after camera deployment was assumed to be induced by the nesting birds' intolerance for the presence of the camera, the disturbance caused while setting up the camera system, or both. In a sample of passerine nests monitored during 1996-2001, 31 of 37 abandonments occurred within 1 day of camera deployment and, thus, were considered to be camera induced (Table 1 .1). In the 1996-2001 sample, nearly 22% of 137 nests were abandoned within 1 day when the camera system was deployed during egg laying or incubation; only one such abandonment occurred «2%) among 51 nests when the camera system was deployed during or after hatch. Nest failures attributed to cameras are discussed in the "Caveats" section.
In addition to predation, video surveillance revealed factors leading to nest failure or loss of eggs or nestlings that may have been misclassified as predation in the absence of video data (Pietz and Granfors 2000a) . For example, two Clay-colored Sparrow (Spizella pallidal nests in small shrubs gradually tipped over as the nestlings grew, and the nestlings suddenly fell out. Unless the nestlings were still present (e.g., on the ground) when the observer returned to check the nest, the observer would have found only an empty, disheveled nest that appeared to have been torn from the shrub by a predator.
Video data also showed that some nestlings left the nest prematurely, seemingly on their own accord (here we define "prematurely" as earlier than expected based on fledging ages from undisturbed nests). For example, at a cameramonitored Savannah Sparrow (Passerculus sandwichensis) nest in Minnesota, a small plains gartersnake (Thamnophis radix) attempted to remove 7-d-old nestlings but failed. One nestling left the nest during the snake's visit and the remaining four nestlings departed within the next 1.5 hr. Video data from undisturbed nests showed that VIDEO-MONITORING GRASSLAND BIRD NESTS 5 Tables 1.3 and 1.4. it is listed separately from predators as a cause of'loss both here and in Table 1 .1 for the benefit of those interested specifically in cowbird effects. Cowbird ~ Brown·headed Cowbird throughout this table. Destroyed tipped. out nestlings include four 2·d-old Clay-colored Sparrow nestlings which died after falling OLlt of their nest (47 em above ground level) as it tipped completely over, and one Sod-old Clay-colored Sparrow nestling which fell out 3S the nest (44 em high) tipped over on its side. Abandonments <1 d after camera deployment were classified as caused by cameras. Hatch/fledge tipped-out nestling was from a Clay-colored Sparrow nest (44 em high) that had been gradually tipping sideways; an 8-d-old host young left on its own but, a few hours later. the nest bowl tipped over and an Sod-old cowbird fell out.
Savannah Sparrow nestlings usually do not fledge until they are 9-10 days old (Pietz et al., chapter 4, this volume) .
Many cases of "forced fledging" (sensu Pietz and Granfors 2000a ) took place while a predator was still at the nest. In such cases, the young were clearly motivated to leave the nest by the presence of the predator, but classifications of nest and nestling fates remain ambiguous. At one Savannah Sparrow nest in North Dakota, a 7-d-old nestling fled the nest while a white-tailed deer (Odocoileus virginianus) was eating its nest mates (Pietz and Granfors 2000b) . Technically, the young bird that left the nest would have been considered a fledgling. In this case, however, the fate of the "fledgling" was known because the deer caught it while it was still in camera view; it survived <10 sec outside the nest (Pietz and Granfors 2000b) . Forced fledging occurred at nearly 20% of our nests that were visited by predators and accounted for about 10% of young that were classified as fledged (Table 1. 2; Pietz et aI., chapter 4, this volume).
People checking nests also can cause premature or forced fledging. In one case, three Claycolored Sparrow nestlings stayed still while an observer was at the nest, but they all left the nest VIDEO-MONITORING GRASSLAND BIRD NESTS less than a minute after the person departed (table 3 in Pietz and Granfors 2000a Camera studies have revealed that the determination of nest fates is not always as clear-cut as depicted in the literature. As more studies collect nest data using video, researchers may need to set new standards for terminology and for classifying nest and nestling fates.
PREDATOR IDENTIFICATION AND ECOLOGY
Researchers have investigated many factors that potentially affect nest predation. In this extensive literature, there are studies that draw opposite conclusions regarding the effects of just about every factor tested-including nest concealment, nest stage, habitat edge, and landscape characteristics (e.g., references in Granfors 2000a, Jones and Dieni 2007) . One likely explanation for these conflicting results is that the predator communities differed among studies. Before we can understand the ecological factors and underlying mechanisms that govern nest predation, we must first know who the predators are (Lahti 2009; Weidinger 2009 Weidinger , 2010 Benson et al. 2010; Thompson and Ribic, chapter 2, this volume) . Video surveillance at nests has helped researchers to do this.
Camera studies have revealed a surprising diversity of predators at grassland passerine nests. For example, in the North Dakota and Minnesota studies (1996) (1997) (1998) (1999) (2000) (2001) , there were 16 different predators identified to the level of genus or species, including 11 mammals, four birds, and one snake (Table 1. 3). Similar levels of diversity were found in other grassland studies (Table 1.4; Davis et aI., chapter 14, this volume). In addition to confirming culpability by species assumed to be nest predators, camera studies have documented unsuspected nest predators, such as jumping mice (Zapus spp.) and white-tailed deer Granfors 2000a, 2000b) , as well as cattle (Bas taurus) .
Video data have allowed researchers to start exploring how nest predator communities vary at multiple spatial scales. Grassland camera studies across several states, from Wisconsin to Montana and south to Nebraska, have illuminated some regional similarities and differences in predator communities (Table 1.4) . Unsurprisingly, raccoons (Procyon lotor) were documented more often at eastern study sites (e.g., Renfrew and Ribic 2003) , where the mix of row-crop agriculture [particularly corn (Zea mays)] and woodlands provides quality habitat for raccoons (Dijak and Thompson 2000) . Some differences in predator communities reflect latitudinal ranges of taxa. For example, in the more northerly grasslands (Montana, North Dakota, and Minnesota), snakes accounted for less than 5% of nest predation events in which predators were identified, and these all were by gartersnakes (Thamnophis spp.) (Table 1.4). Farther south, however, the number of snake species and the proportion of snake predations increased markedly. For instance, in Nebraska and Iowa, snake species accounted for more than one-third of nest predations (Table 1 .4). The disparity in prevalence of snake predation between cool and warm climates has been documented beyond grasslands (King and DeGraaf 2006) . At smaller spatial scales, researchers are just beginning to investigate how predator communities differ among different grassland habitats (Ribic et aI., chapter 10, this volume). Understanding how predator communities vary spatially can be used to help guide grassland bird conservation efforts (Thompson and Ribic, chapter 2, this volume) .
Predator communities also can vary temporally, such as across seasons and years. On an extremely long temporal scale, distributions of some snake species and other nest predators that are currently limited by temperature (e.g., fire ants) may change as a result of warming associated with climate change. At the opposite extreme, video surveillance has allowed researchers to examine predation at much finer temporal scales by pinpointing the exact time that predation events occur. This information has prompted new ways oflooking at predation ecology.
Knowing the time of predation allows researchers to explore differences between nocturnal and diurnal nest predators. For example, predators hunting during the day have more visual cues available to them, whereas nocturnal predators probably rely more on scent. This led us (the authors) to expect that diurnal predators would find nests with open bowls more easily than nests with covered bowls, but that nest type would be less likely to matter to nocturnal predators. (Winter et al. 2000 (Winter et al. , 2001 (Winter et al. , 2006 . Sec Figure 2 .1 of Thompson and Ribic (chapter 2, this volume) for a map of the counties in which data were collected. Scientific names of predators are given in Table 1 .4. We defined a predation event as any nest visit resulting in removal or destruction of 21 egg or nestling by a single individual (or species, if individuals could not be distinguished). In 2001, a Northern Harrier removed a nestling but did not eat it; the nestling later died outside the nest bowl. so we considered this a predation event. Scavenging events (1997 jumping mouse and 1996 red fox) and forced-fledging events (1999 unidentified mouse/vole and 2000 plains ga11ersnake) are not included in the table. Some nests were visited by multiple predators: one nest was depredated by both a thirteen-lined ground squirrel and an unidentified mouse or vole; one was depredated by both a Northern Harrier and a striped skunk; and two nests were visited by other predators/scavengers after visits by cowbirds.
To test this idea, we determined the time when a predator first removed (or destroyed) an egg or nestling from a nest. We called this the "initial predation" (sensu Pietz and Granfors 2000a) and, because it likely reflected conditions under which the predator found the nest, we used it as a measure of predation risk. We calculated separate rates of initial predation for day and night, using nest data from our North Dakota and Minnesota studies (1996) (1997) (1998) (1999) (2000) (2001) . As predicted, open nests tended to be more vulnerable than covered nests during the day, whereas at night predation risks VIDEO-MONITORING GRASSLAND BIRD NESTS Granfors (2000a, 2000b , and unpubl. data) and Grant et al. (2006) ; in Minnesota, Winter et al. (2000 Winter et al. ( ,2001 ; in Nebraska/Iowa, Klug et al. (2010) ; in Wisconsin, Renfrew and Ribic (2003) , Nack and Ribic (2005) (i.e., initial-predation rates) for the two nest types were similar ( Fig. 1.2 ). The same result was found in an earlier analysis using just 1996-1997 data (Pietz and Granfors 2000a) . In that paper, daily predation rates also were reported for nearly 300 nests that were monitored without video surveillance (i.e., non-camera nests); no difference was detected between open and covered non-camera nests (x\ = 0.00, P = 0.98), suggesting that predation risk associated with nest cover may only be detectable if diurnal and nocturnal predation can be separated. The ability to separate diurnal and nocturnal predation events may contribute to deciphering ecological phenomena in unexpected ways. For example, when Roper and Goldstein (1997) tested the Skutch hypothesis that activity at nests increases nest predation risk (Skutch 1949 (Skutch , 1985 , they expected to find greater nest predation rates during the nestling stage than during incubation. They found higher frequencies of nest visits by adult birds during the nestling stage than during incubation, but daily survival rates did not differ between the two nest stages. They surmised that this lack of support for the link between nest activity and predation could be explained by the previously unrecognized importance of predation by a nocturnal mammal, which they assumed did not use bird activity to locate nests. Now video data can be used to help assess the relative importance of nocturnal versus diurnal predation and to test hypotheses related to activity at nests (e.g., Muchai and du Plessis 2005) . Knowing the time of predation also allows researchers to explore whether brood age affects predation risk. We tested some of these ideas with nest data from our North Dakota and Minnesota studies (1996) (1997) (1998) (1999) (2000) (2001) . We used initial-predation rates as a measure of predation risk and used brood age as a surrogate for daytime activity at the nest. We expected daytime initial-predation rates to increase with brood age, because some studies have shown that daytime activity of parents and nestlings tends to increase as nestlings grow (e.g., provisioning rates increase with brood age; Goodbred and Holmes 1996, Dohms 2009 ). We did not expect nocturnal initial-predation rates to increase with brood age, however, because activity at the nest, at all brood ages, typically ceases at night (Roper and Goldstein 1997; authors, unpubl. data) . In our sample, nestlings were more likely to be depredated during the day than at night, but we did not find an increase in initial-predation rate with brood age for either day or night ( Fig. 1.3 ; day: rs = -0.07, P = 0.85; night: rs = 0.20, P = 0.57). Our sample for some brood ages may have been too small to test for this pattern, or the assumption that activity at the nest increases all the way through fledging age may not be true (e.g., see Adler 2010) . Video data can be used to examine this assumption, for example, by quantifying adult visits to nests as the nestlings age. Note that we lumped several species in our analysis because of small sample sizes, but we recognize that activity (e.g., provisioning rates) may not relate to nestling age in the same way for all species. In any case, the hypothesis that brood age affects vulnerability to predation needs further testing.
EVALUATING STANDARD METHODS
Video surveillance has helped researchers evaluate several standard methods used to study nesting biology, including those used to assign nest fates, causes of nest failure, and (for depredated nests) types of predators. The standard way of determining nest fate is to visit the nest every few days, using nest contents, sign at the nest (including Hours since final predation condition of the nest and nest vicinity), and behavior of parent birds to decide if the nest was successful. Earlier video data showed that initial-predation rate tended to increase with nestling age (Pietz and Granfors 2000a) , and many nests were depredated when nestlings were close to fledging age (Pietz and Granfors, unpubl. data) . At this stage, depredated and fledged nests may be impossible to tell apart. Even the behavior of parent birds can be misleading. Pietz and Granfors (2000a, unpubl. data) found that parents continued to visit their nests, often carrying food, for several hours after all nest contents had been removed by predators ( Fig. 1.4) . Visitation rate dropped off quickly, but some parents were still attending nests nearly a day later. Pietz and Granfors (2000a) therefore
suggested that researchers check adult behavior on more than 1 day if it is used as the basis for classifying nest fate. Video evidence indicated that some nests failed for reasons other than predation, but the cause of failure might be misconstrued as predation to an observer doing periodic nest checks. For example, when nestlings died at a young age, video showed that the parents sometimes removed the carcasses from the nest Granfors 2000a, Kirkpatrick et al. 2009 ), resulting in the appearance of predation or partial predation. Another example (Pietz and Granfors 2000a, unpubl. data) , involving a Western Meadowlark (Sturnella neglecta) nest in North Dakota, illustrates how difficult it can be to correctly assess cause of failure from nest checks. The meadowlark adults left their five-egg clutch unattended for several hours following human disturbance near the nest site. Then a Brown-headed Cowbird (Molothrus ater) entered the nest bowl, tossed three eggs out of the nest, and punctured holes in the other two eggs. That night, insects scavenged contents from those two eggs, and the following night a red fox (Vulpes vulpes) scavenged the remaining egg contents (and likely removed the three eggs that the cowbird had tossed outside of camera view). When Pietz revisited the site, the only remains were two eggs' shells that looked similar to those known to hilVe been depredated by small mammals (Pietz, pers. obs.) .
Prior to camera studies, numerous authors claimed to be able to identify types of nest predators based on the condition of the nest after predation (e.g., Best 1978 , Best and Stauffer 1980 , Wray et al. 1982 , Hoover et al. 1995 , Patterson and Best 1996 , Christman and Dhondt 1997 . Pietz and Granfors (2000a) found that none of their generalizations were valid in North Dakota grasslands. No sign was left at most nests, including those depredated by large mammals. Furthermore, Pietz and Granfors (2000a) found considerable variability within species and overlap among species when they did leave sign (see also Sargeant et al. 1998) . Sign can be misleading as well as ambiguous. In Minnesota, for example, a Savannah Sparrow nest from which a four-egg clutch disappeared was found to be surrounded by deer tracks when the nest was checked, but the videotape showed that the eggs had been removed by a male Northern Harrier (Circus cyaneus) (Pietz, unpubl. data) . Thus, even when sign appears obvious, it may lead to the wrong conclusion. Many other camera studies, in several habitats and ecosystems, have shown that sign is unreliable for assigning predator types at passerine nests (e.g., Thompson et al. 1999 Some variation in nest damage by predators might be related to nest height. In North Dakota, for example, a Buteo hawk ripped a Clay-colored Sparrow nest out of a small shrub, completely destroying the nest (Pietz and Granfors 2000a, unpubl. data) . Hawks did not appear to damage any of the six ground nests from which they removed eggs or young (Pietz, unpubl. data) . Nest predators, in general, were less likely to damage nests that were on the ground than nests that were above the ground (Pietz and Granfors 2000a) . This makes sense, given that nests on the ground are easier to reach for most predators and have more structural support than nests that are off the ground and attached to vegetation.
As suggested in an earlier section, video nest surveillance has allowed a new approach to the study of predation risk. The use of initial-predation rate provides a better measure of predation risk (e.g., relative to nest stage, nestling age) than does daily survival rate or daily predation rate (Pietz and Granfors 2000a) . Daily survival rate is affected by sources of nest loss other than predation and can be affected by misclassified nest fates. The standard daily predation rate (which we refer to as final-predation rate) only includes nests that have lost all their contents and is associated with the time and conditions when loss of the last viable nest contents was detected. Initial predation, on the other hand, more likely coincides with the time and conditions under which a predator first discovered the nest. If partial predation is common, the initial and final daily predation rates could be substantially different.
Video nest surveillance also has provided a means to verify natural fledging ages (Pietz et al., chapter 4, this volume) . For most species, fledging ages published in the literature (e.g., Ehrlich et al. 1988, Baicich and Harrison 1997) are based on data from researchers visiting nests. However, as mentioned earlier, video data have shown that fledging can be precipitated by a nest visit (e.g., table 3 in Pietz and Granfors 2000a) . If I'esearchers underestimate average fledging ages, it could cause them to conclude that failed nests had fledged and, thus, overestimate nest survival.
Video surveillance also offers a means to evaluate impacts of researcher activities at nests. For example, video could allow researchers to gauge parental reactions to markers used on nestlings and data-collecting devices placed in nests (e.g., artificial-egg thermistors or camera triggers). Some studies already have used nest video for such purposes. For example, Fisher et al. (2010) documented that adult Sprague's Pipits (Anthus spragueii) pulled some radio-marked nestlings from their nests while attempting to remove the nestlings' transmitters. Little et a1. (2009) used video data to assess the response of adult Bobolinks (Dolichonyx oryzivorus) to neck ligatures on their nestlings. Ibanez-Alamo and Soler (2010) identified nest-predator communities at their study sites with nest video, and then used this information to develop an appropriate experimental design to evaluate effects of nest visits by researchers on predation rates. Contrary to traditional ideas, they demonstrated that investigator activities can reduce nest predation.
PREDATOR-PREY BEHAVIOR
Video nest surveillance allows observation of predator and prey behavior and predator-prey interactions that are difficult or impossible to document any other way in grasslands. For example, camera studies have documented multiple individuals (of the same or different species) depredating the same nest (e.g., Table 1.3; Davis et a!., chapter 14, this volume, Ellison and Ribic, chapter 12, this volume) . Camera studies have also revealed multiple factors that can lead to partial predation. Smaller predators sometimes removed eggs or nestlings over multiple days (Pietz and Granfors 2000a, Davis et aI., chapter 14, this volume) . In the latter case, some nestlings could survive to fledge even though their nest mates were eaten on earlier predator visits. As discussed previously, partial predation also resulted when predators ate some young and induced forced fledging of others (if those nests are classified as successful). As discussed below, other partial predations may have resulted because parents successfully defended their nests.
Because cameras in grasslands typically are set close to nests, many instances of adult nest defense may have occurred outside the camera's field of view. Nevertheless, numerous cases of adult birds attacking predators have been documented on video (e.g., Fig. 1.5a ). Camera systems have captured nest defense by ten species of grassland-nesting passerines against 11 species of mammalian, avian, and reptilian predators (Pietz and Granfors 2005, Davis et aI., chapter 14, this volume, Ellison and Ribic, chapter 12, this volume) . Defense occurred during both day and night, and was directed at mice, ground squirrels, a raccoon, a long-tailed weasel (Mustela frenata), Brown-headed Cowbirds, and snakes.
Camera systems have documented both the risks and rewards of nest defense. For example, after unsuccessfully defending four of her five The female longspur attacked a thirteen-lined ground squirrel (lctidomys tridecemlineatus) that was removing a nestling from her nest; despite her defense, a ground squirrel removed four of her five nestlings over two days . (b) On the third day, a ground squirrel captured, killed , and dragged the adu lt longspur from her nest. Arrows point to th e ground squirrel in both images.
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suggested that researchers check adult behavior on more than 1 day if it is used as the basis for classifying nest fate.
Video evidence indicated that some nests failed for reasons other than predation, but the cause of failure might be misconstrued as predation to an observer doing periodic nest checks. For example, when nestlings died at a young age, video showed that the parents sometimes removed the carcasses from the nest Granfors 2000a, Kirkpatrick et a!. 2009 ), resulting in the appearance of predation or partial predation. Another example (Pietz and Granfors 2000a, unpub!. data) , involving a Western Meadowlark (Sturnella neglecta) nest in North Dakota, illustrates how difficult it can be to correctly assess cause of failure from nest checks. The meadowlark adults left their five-egg clutch unattended for several hours following human disturbance near the nest site. Then a Brown-headed Cowbird (Molothrus ater) entered the nest bow!, tossed three eggs out of the nest, and punctured holes in the other two eggs. That night, insects scavenged contents from those two eggs, and the following night a red fox (Vulpes vulpes) scavenged the remaining egg contents (and likely removed the three eggs that the cowbird had tossed outside of camera view). When Pietz revisited the site, the only remains were two eggs' shells that looked similar to those known to have been depredated by small mammals (Pietz, pers. obs.) .
Prior to camera studies, numerous authors claimed to be able to identify types of nest predators based on the condition of the nest after predation (e.g., Best 1978 , Best and Stauffer 1980 , Wray et a!. 1982 , Hoover et a!. 1995 , Patterson and Best 1996 , Christman and Dhondt 1997 . Pietz and Granfors (2000a) found that none of their generalizations were valid in North Dakota grasslands. No sign was left at most nests, including those depredated by large mammals. Furthermore, Pietz and Granfors (2000a) found considerable variability within species and overlap among species when they did leave sign (see also Sargeant et a!. 1998) . Sign can be misleading as well as ambiguous. In Minnesota, for example, a Savannah Sparrow nest from which a four-egg clutch disappeared was found to be surrounded by deer tracks when the nest was checked, but the videotape showed that the eggs had been removed by a male Northern Harrier (Circus cyaneus) (Pietz, un pub!. data) . Thus, even when sign appears obvious, it may lead to the wrong conclusion. Many other camera studies, in several habitats and ecosystems, have shown that sign is unreliable for assigning predator types at passerine nests (e.g., Thompson et a!. 1999 Some variation in nest damage by predators might be related to nest height. In North Dakota, for example, a Buteo hawk ripped a Clay-colored Sparrow nest out of a small shrub, completely destroying the nest (Pietz and Granfors 2000a, unpub!. data) . Hawks did not appear to damage any of the six ground nests from which they removed eggs or young (Pietz, unpub!. data) . Nest predators, in genera!, were less likely to damage nests that were on the ground than nests that were above the ground (Pietz and Granfors 2000a) . This makes sense, given that nests on the ground are easier to reach for most predators and have more structural support than nests that are off the ground and attached to vegetation.
Video nest surveillance also has provided a means to verify natural fledging ages (Pietz et al., chapter 4, this volume) . For most species, fledging ages published in the literature (e.g., Ehrlich et al. 1988, Baicich and Harrison 1997) are based on data from researchers visiting nests. However, as mentioned earlier, video data have shown that fledging can be precipitated by a nest visit (e.g., table 3 in Pietz and Granfors 2000a) . If researchers underestimate average fledging ages, it could cause them to conclude that failed nests had fledged and, thus, overestimate nest survival.
Video surveillance also offers a means to evaluate impacts of researcher activities at nests. For example, video could allow researchers to gauge parental reactions to markers used on nestlings and data-collecting devices placed in nests (e.g., artificial-egg thermistors or camera triggers). Some studies already have used nest video for such purposes. For example, Fisher et al. (2010) documented that adult Sprague's Pipits (Anthus spragueii) pulled some radio-marked nestlings from their nests while attempting to remove the nestlings' transmitters. Little et al. (2009) used video data to assess the response of adult Bobolinks (Dolichonyx oryzivorus) to necl< ligatures on their nestlings. Ibanez-Alamo and Soler (2010) identified nest-predator communities at their study sites with nest video, and then used this information to develop an appropriate experimental design to evaluate effects of nest visits by researchers on predation rates. Contrary to traditional ideas, they demonstrated that investigator activities can reduce nest predation.
PREDATOR-PREY BEHAVIOR
Video nest surveillance allows observation of predator and prey behavior and predator-prey interactions that are difficult or impossible to document any other way in grasslands. For example, camera studies have documented multiple individuals (of the same or different species) depredating the same nest (e.g., Table 1 .3; Davis et al., chapter 14, this volume, Ellison and Ribic, chapter 12, this volume) . Camera studies have also revealed multiple factors that can lead to partial predation. Smaller predators sometimes removed eggs or nestlings over multiple days (Pietz and Granfors 2000a, Davis et aI., chapter 14, this volume) . In the latter case, some nestlings could survive to fledge even though their nest mates were eaten on earlier predator visits. As discussed previously, partial predation also resulted when predators ate some young and induced forced fledging of others (if those nests are classified as successful). As discussed below, other partial predations may have resulted because parents successfully defended their nests.
Because cameras in grasslands typically are set close to nests , many instances of adult nest defense may have occurred outside the camera's field of view. Nevertheless, numerous cases of adult birds attacking predators have been documented on video (e.g., Fig. 1.5a ). Camera systems have captured nest defense by ten species of grassland-nesting passerines against 11 species of mammalian, avian, and reptilian predators (Pietz and Granfors 2005, Davis et aI., chapter 14, this volume, Ellison and Ribic, chapter 12, this volume) . Defense occurred during both day and night, and was directed at mice, ground squirrels, a raccoon, a long-tailed weasel (Mustela jrenata) , Brown-headed Cowbirds, and snakes.
Camera systems have documented both the risks and rewards of nest defense. For example, after unsuccessfully defending four of her five Brood age (days) Figure 1 .6. Initial-predation rates (n = 130 nests, 876 camera nest-days) and nest survival rates (n = 131 nests, 936 camera nest·days) for broods aged 0-9 days, from a sample of grassland passerine nests monitored with video surveillance systems in North Dakota and Minnesota during 1996-2001. Vertical lines represent:!:1 SE. Brood age was calculated using the hatch day of the first egg as day O. No nests in this sample were initially depredated when the brood was 9 days old. Both diurnal and nocturnal initial-predation events were included in calculating initial·predation rates.
nestlings from ground-squirrel attacks, a female Chestnut-collared Longspur (Calcarius omatus) was caught, killed, and dragged from her nest by a thirteen-lined ground squirrel (Ictidomys tridecemlineatus) ( Fig. 1 .5b; Pietz and Granfors 2005), a species not generally considered a threat to an adult bird. Equally surprising was the apparently successful nest defense by a Clay-colored Sparrow against a long-tailed weasel (Pietz and Granfors 2005) , a species known to kill adult birds (Keith 1961) . In another case, Brown-headed Cowbird attacks on nestlings elicited vigorous defense by a female Bobolink. The female cowbird picked up three nestlings and carried them away, even while the Bobolink landed on her back and pecked her (Pietz and Granfors 2005) . One nestling survived to fledge, however, so by definition, this was a successful nest. Depending on the cowbird's motivation for removing nestlings [e.g., reducing competition for her own young in other nests? (Granfors et al. 2001) ], this still could be considered successful predation. Depending on the overall reproductive cost to the Bobolink, this also might be considered successful defense. Nest defense by grassland passerines against snake predators is discussed by Ellison and Ribic (chapter 12, this volume) .
Factors that contribute to partial predation (e.g., parental defense, small predator size, and forced fledging) can lead to increased nest survival later in the nesting cycle. The probability that some young will escape from nest predators increases with nestling age (Halupka 1998b , Grant et al. 2005 and may contribute to increased daily nest survival as nestlings get older, a pattern that has been demonstrated for several species (e.g., Grant et al. 2005 , Davis et al. 2006 . As a result, even studies that showed an increase in predator attacks late in brood rearing (Halupka 1998a, Pietz and Granfors 2000a) did not find a decrease in daily survival rates with nestling age. Here, we examined this phenomenon further, by evaluating initial-predation rates and nest survival rates for broods aged 0-9 days with data from 1996-2001 ( Fig. 1.6 ). Our results were similar to those found during 1996-1997 for broods aged 0-8 days (Pietz and Granfors 2000a) in that predators initiated more attacks on 7-and 8-d-old broods than on younger broods. However, predators initiated only two attacks on 6-d-old and none on 9-dold broods, demonstrating the variability in our system and the need for larger samples to examine patterns related to brood age. The data set for Figure 1 .6 includes only 49 depredated nests spread across ten brood ages. We could have combined some ages (e.g., 0-4 and 5-9 d; for Fig. 1.3 and Fig. 1.6 ), but this would have obscured the variability that we observed in the raw data.
Probably contributing to this variability was the variety of species in our predator community (Table 1. 3), with widely varying diets and foraging behaviors, undoubtedly using different sensory cues to find prey, Patterns between predation and nestling age have been found in at least one camera study that focused on a single predator group. Stake et al. (2005) found that snake predation increased through the nesting cycle, reaching the highest rate during the last few days of the nestling period. They concluded that avian activity contributed to foraging success of snakes at their sites.
PARENTAL AND NESTLING BEHAVIORS
Video nest surveillance is helping to fill gaps in basic knowledge of nesting biology, especially for species that are difficult to observe directly. As noted earlier, nests and activity at nests of many species of grassland birds are difficult or impossible to observe directly. Thus, it is not surprising that the Birds of North America accounts (Poole 2005) for many grassland bird species provide little or no information on many aspects of parental behavior. For example, in the account for Baird's Sparrow (Ammodramus bairdii), Green et al. (2002) state that there is no information about the parents' time on and off the nest during incubation, and the data provided on parental care during brooding are based on observations at three nests more than 80 years ago (Cartwright et al. 1937 ). In the account for Claycolored Sparrows, Knapton (1994) provides percentages of male and female incubation time based on 3 hr of observations at one nest nearly 50 years ago (Fox 1961) . Several chapters in this volume of Studies in Avian Biology illustrate how video data are filling gaps in our knowledge of parental care and nesting biology (e.g., Burnam et al., chapter 7, this volume, Davis and Holmes, chapter 6, this volume, Powell et al., chapter 5, this volume, Slay et al., chapter 9, this volume, Smith et al., chapter 8, this volume) . Video data also have provided unexpected information, such as the documentation of a helper at a nest of a Henslow's Sparrow (Ammodramus henslowii, Guzy et al. 2002) .
Recent advances in statistical modeling techniques have allowed nest survival to be examined in unprecedented detail (see papers in Jones and Geupel 2007) . Use of the logistic-exposure method (Shaffer 2004 ) has shown complex and sometimes unexpected relationships between nest survival and nest age (Grant et al. 2005 , Davis et al. 2006 . For example, some grassland passerines showed a drop in daily nest survival through the incubation period (Grant et al. 2005) . Video data have been used to explore the possibility that changes in parental nest activity through incubation might be linked to this pattern (Grant et al. 2005 (Adler 2010 ) and Sprague's Pipits (Dohms 2009 ). As we have seen, video data can provide a means to explore potential explanations for age-and time-specific variation in passerine nest survival.
Data on behavior of grassland nestlings are even more difficult to obtain than data on behavior of adult grassland passerines. Video surveillance already has provided some information on natural fledging ages for grassland passerines, and on the length of hatching and fledging periods in a sample of nests (e.g., Pietz et al., chapter 4, this volume) . More data need to be collected under natural and experimental conditions to shed light on factors that could influence these phenomena.
Appropriately placed cameras also could allow researchers to evaluate nestling reactions to disturbance and how those reactions change with nestling age. For example, field biologists have observed anecdotally that nestlings of some species respond to humans at the nest by begging when they are young, but remain quiet and still when they are older (T. A. Grant, U.S. Fish and Wildlife Service, pers. comm.; L. D. Igl, U.S. Geological Survey, pers. comm.). Video data could be used to assess if this behavioral change is common and what factors may influence it (e.g., species, habitat, type of disturbance). Interest in how nestling behavior relates to predation risk has prompted numerous experimental studies of begging (e.g., Dickens and Hartley 2007 , Dor et al. 2007 , Haff and Magrath 2010 , but little on nest exodus (Kleindorfer et al. 1996 , Lima 2009 ). Some authors have speculated that well-developed nestlings under attack would not flee the nest (i.e., force fledge) unless their parents directed them to do so (reviewed in Lima 2009). For camera studies of begging behavior or responses to parental calls, researchers would need to incorporate sound recording into their camera systems.
Video surveillance also may provide insights on parental and nestling reactions to severe weather events and other unpredictable disturbances, as VIDEO-MONITORING GRASSLAND BIRD NESTS well as on the impacts of those disturbances. In Montana, for example. when a hailstorm pounded the video-monitored nest of a Baird's Sparrow, the adult fled and the nestlings died (P. J. Gouse, U.S. Fish and Wildlife Service, pers. comm.). This is another example of how knowledge of circumstances might affect nest-fate classification.
CAVEATS
Video nest surveillance has been instrumental in moving the field of avian ecology forward; however, like every tool, it has limitations. As with all studies of active nests, it is important to minimize effects on the nesting birds, for ethical and conservation reasons (e.g., see Fair et al. 2010) and to protect against biasing the data collected. Several researchers (e.g., Pietz and Granfors 2000a , Renfrew and Ribic 2003 , Stake and Cimprich 2003 noted that nest abandonment was greater for nests with cameras than for those without cameras, and made adjustments in methods in an effort to reduce these abandonments (Richardson et al. 2009 ). Because abandonment risk likely varies by species, camera distance, nest age, and other factors, researchers need to evaluate risk within the specific conditions dictated by their study objectives.
For predation studies, researchers should be aware that the presence of cameras (and the associated equipment) might affect nest visitation by some types of predators (Richardson et al. 2009 ), especially when cameras are placed close to nests. Populations (or individuals) of some species may be attracted or repelled by novel items and human scent (see discussion in Pietz and Granfors 2000a) . depending on the extent to which they have had negative interactions with humans (Birkhead 1991 :221, Gotmark 1992 or have become habituated to human presence. Reports persist that the presence of cameras may increase nest survival, especially during incubation (Conner et al. 2010 ). However, Richardson et al. (2009) reviewed some sources for this bias that are unrelated to predator behaviors (e.g., a nest usually must survive longer to receive a camera and thus be included in the treatment group), and acknowledged that these factors complicate efforts to synthesize camera effects.
Researchers might bias predation data by how they spatially deploy multiple camera systems (Pietz and Granfors 2000a) . If nests with cameras are clustered, they will be exposed to fewer individuals (especially of species with large home ranges); the same individual may depredate multiple nests and may learn to associate cameras with nests. Such associative learning has been noted for some predators that ostensibly linked nest locations with markers placed up to 5 m away (e.g., Picozzi 1975 , Reynolds 1985 . Richardson et al. (2009:292) listed nine recommendations to "minimize or control for potential bias when using surveillance cameras." Among these was the suggestion to "maintain similar rates of nest visitation for nests with and without cameras." Controlling for visitation rates would be sensible for researchers interested in measuring the effects of just the camera's presence on nest survival rates (e.g., McKinnon and Bety 2009); however, others may argue that this suggestion defeats one of the original purposes of video surveillance, namely to acquire data remotely without the disturbance of repeated nest visits.
Some of the nest predator communities documented by video are trophically complex. For example, many of the species identified in grasslands are opportunistic foragers, and some nest predators can be primary or alternative prey for other predators. In addition, nest predator communities and the species in them can be spatially and temporally dynamic for many reasons, including food availability, changes in human land use, and disease. For example, during our studies in North Dakota and Minnesota, skunk and canid populations in some areas were reduced by rabies and mange, respectively (Pietz and Granfors 2000a) . Researchers need to keep this dynamic complexity in mind so that their conclusions are drawn at the correct temporal and spatial scales. Temporal and spatial variability in our predator community in northern grasslands is illust~ated in Table 1 .3; for example, among the six years (areas) of data collection shown, nest predation by ground squirrels ranged from absent to dominant.
Another factor to keep in mind is that identification of individuals may not be possible without auxiliary markers. Even with color imagery, it may not be possible to distinguish male from female parents, or the parent from a non-parent conspecific (e.g., a helper; Guzy et al. 2002) .It a nest by the same predator species may involve "ne or more individuals. Naturally occurring ,j i f1erences sometimes can be used to separate ndividuals (e.g., a molted feather, a scar, or body .ize). In general, however, researchers should be ,:Ireful not to make unsubstantiated assumptions .tbout parent birds or predators.
Video data acquired by monitoring nests with miniature cameras have improved our ability to . Iddress old questions, allowed us to confirm or ehlte long-held assumptions, and opened up 'lltirely new areas of investigation. For example, .ideo data are uniquely suited to document some t'mporal aspects of predation (e.g., time of day, nest age) and have provided new ways of measuring predation risk. The promise of video data ,'rom nests, however, depends on researchers making the effort to properly adapt camera systems to their situation. Every tool has potential ;hortcomings and, to minimize these, investigators must take care to design a system that suits lhe species, habitats, and environments in which they work. To avoid potential biases and erroneous conclusions, and to improve the quality and value of findings, care also must be taken in analyzing and interpreting video data. We hope this chapter and others in this volume will help those planning to collect and those currently collecting video data at nests.
